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METHOD AND APPARATUS FOR VIRTUAL PATH AGGREGATION (VPA) 
CONNECTION ADMISSION CONTROL (CAC) 



The invention relates generally to communication systems and more particularly 
to connection admission control in a network that supports virtual path aggregations. 



Communications networks are evolving rapidly, and network designers are 
constantly challenged to improve the efficiency, speed, and overall performance of their 
networks. In such an environment, asynchronous transfer mode (ATM) is emerging as 
the broadband data communications technology of choice. ATM networks support a 
variety of different service categories providing a variety of qualities of service (QoS). 
This variety of service options allows ATM to satisfy the needs of many different types 
of network clients. 

In order to support the variety of service categories, ATM traffic management 
enforces policing and shaping schemes that control the traffic flow throughout the 
network. Traffic that violates the policing and shaping requirements of the network can 
either be rejected or it can be tuned or shaped so that it conforms. These capabilities help 
ATM to improve the overall performance of the network and to take full advantage of the 
available resources. 



Field of the Invention 



Background of the Invention 




Traffic in an ATM network is typically carried along virtual channel connections 
(VCCs). A VCC on a particular link is uniquely identified by the combination of a 
virtual path identifier (VPI) and a virtual channel identifier (VCI). Traffic from a number 
of different sources may have a common destination, and as such, may be combined to 
produce a virtual path connection (VPC) that includes a number of individual VCCs. The 
VPC is uniquely identified by a VPI, which is contained within a field of the ATM cell 
header. Each VCC within the VPC is uniquely identified by a corresponding VCI value. 
When the VPC reaches its destination, the VCCs within the VPC can be segmented by 
using the unique VCI values corresponding to each VCC. 

ATM connections are established using the physical resources available in a 
network. The physical resources of the network can be divided into virtual segments, 
referred to as trunk groups (TGs). Trunk groups can be partitioned to support a number 
of different service categories. New connections are admitted in ATM networks by a 
connection admission control (CAC) algorithm. In order to establish a new connection, 
the physical and virtual resources available for the connection must be accurately 
understood by the connection admission control (CAC) algorithm. 

Modifications to the current structure of VPCs and their role in ATM networks 
may provide additional advantages in terms of maximizing network efficiency. However, 
if the CAC algorithms do not possess the full range of parameters describing these 
modified VPCs, optimal allocation of resources within the network will not occur. 

Therefore, a need exists for a method and apparatus for supporting modified 
VPCs in an ATM network. 



Brief Description of the Drawings 




Figure 1 illustrates a block diagram of a communications network in accordance 
with the present invention; 

Figure 2 illustrates a flow diagram of a method for establishing a virtual path 
aggregation within a communications network in accordance with the present invention; 
and 

Figure 3 illustrates a flow diagram of a method for establishing a connection using 
a virtual path aggregation in accordance with the present invention. 



Generally, the present invention provides a method and apparatus for supporting 
virtual path aggregations (VP As) in a communications network. To establish a VPA in 
the network, a request for the VPA is received, where the request indicates a desired data 
path between a source switch and a destination switch. The request also includes a traffic 
descriptor and a virtual path identifier (VPI) for the VPA at the source switch. Based on 
the request, it is determined whether or not there is a trunk group on a corresponding 
physical resource within the source switch that has a VPI that matches the VPI of the 



When a trunk group having a matching VPI exists, the bandwidth characteristics 
of the VPA are compared with the bandwidth limitations within the trunk group. When 
the bandwidth characteristics of the VPA exceed the limitations of the trunk group, the 
VPA request is rejected. When the bandwidth characteristics of the VPA are within the 
limitations of the trunk group, the VPA is created within the trunk group. 



When a trunk group having ajn^hin^^^daes=ne$=ex4st^ bandwidth 
characteristics of the VPA are compared with the bandwidth limitations of the 
corresponding physical resource. When the bandwidth characteristics of the VPA exceed 
the limitations of the corresponding physical resource, the VPA request is rejected. 



Description of a Preferred Embodiment of the Invention 



VPA. 





When the bandwidth characteristics of the VPA are within the Umitations of the 
corresponding physical resource, the VPA is created within the physical resource. 

Once a VPA has been created within the network, it may be utilized to establish 
connections. Establishing a connection over a VPA begins by receiving a request for a 
connection where the request includes a service category and a bandwidth requirement 
for the connection. If the service category of the connection is not supported by a trunk 
group that includes the VPA, the request is rejected. If the service category is supported 
by the trunk group, it is then determined whether or not the service category is supported 
by the VPA within the trunk group. If the service category is supported by the VPA, it is 
determined whether or not the bandwidth requirements for the connection are within the 
available bandwidth of the VPA and within the available bandwidth of the trunk group 
partition. The trunk group partition corresponds to the amoimt of bandwidth allocated to 
a particular service category within the trunk group. If the bandwidth requirements are 
available, the connection is established within the VPA. If the bandwidth requirements 
for the connection exceed the VPA's available bandwidth or the available bandwidth of 
the trunk group partition, the connection is rejected. 

Providing the support necessary in the Connection Admission Control (CAC) 
algorithm for VP As allows network systems to take full advantage of the beneficial 
characteristics of VP As. In order to do so, the creation and utilization of VP As must be 
included within the CAC algorithms. The method and apparatus described herein allow 
for such support within communications networks, including ATM networks. 

The invention can be better understood with reference to Figures 1-3. Figure 1 
illustrates a communications network, which is preferably an ATM commimications 
network. The communications network supports virtual path aggregations (VP As), 
which are virtual path connections (VPCs) which are capable of conveying VCC traffic 
without the need to set up and shape each VCC individually. VP As allow for the ability 



to transport multiple VCCs with different traffic requirements over a single VPC, and 
shape the contained VCCs to the traffic parameters of the VPC. 

Virtual path aggregations are described in further detail in co-pending patent 
applications having Serial Numbei :s-.08/924,657 a nd 09/200.444, which were filed on 
September 5, 1997 and November 27, 1998, respectively. These applications are, as is 
the present application, assigned to Newbridge Networks Corporation. 

Figure 1 illustrates a communications network. The network cloud 20 is 
preferably an ATM network cloud and includes a number of switches. The switches 
allow for the establishment of connections between a source switch 30 and a destination 
switch 60. Included in these connections is the VP A connection 10. The VP A 
connection 10 includes a specific set of characteristics that describes its configuration. 
The source switch 30 is coupled to a plurality of sources 41-43, where the plurality of 
soiu"ces can establish connections with a plurality of destinations 51-53 utilizing the 
network 20 between the source switch 30 and the destination switch 60. The sources 41- 
43 may include entities such as telephone companies, miiversities, Internet Service 
Providers (ISPs), etc.... 

The source switch 30 is preferably coupled to, or includes, a connection processor 
70. The connection processor 70 includes a processing module 72 and a memory 74. 
The processing module 72 may include a single processing entity or plurality of 
processing entities. Such a processing entity may be a microprocessor, microcontroller, 
digital signal processor, state machine, logic circuitry, and/or any device that processes 
information based on operational and/or programming instructions. The memory 74 may 
be a single memory device or a plurality of memory devices. Such a memory device may 
be a read-only memory, random access memory device, floppy disk, hard drive memory, 
and/or any device that stores digital information. Note that when the processing module 
72 has one or more of its functions performed by a state machine and/or logic circuitry. 




the memory containing the corresponding operational instructions is embedded within the 
state machine and/or logic circuitry. 



The memory 74 stores programming and/or operational instructions, preferably 
corresponding to a CAC algorithm, that allow the processing module 72 to perform the 
methods illustrated in Figures 2 and 3. Figure 2 illustrates a method for setting up a 
virtual path aggregation (VP A). The process begins at step 202, where a VPA request is 
received. The VPA request includes a virtual path identifier ^^I) corr esponding to the 
VPA to be established based on the request. The request also includes a desired data 
path, where the desired data path indicates a source switch and a destination switch. The 
request also indicates a traffic descriptor for the VPA to be created. 

Jhe-service categories supported in an ATM system include constant bitsmte 
(CBR), real-time variable bit rate (rt-VBR), non-real-time variable bit rate (nrt-VBRi 
available bit rate (ABR), and unspecified bit rate (UBR). These various service \ 
categories have different properties that make them appropriate for different users in the 
network. - — - — 



As stated earlier, trunk groups (TGs) are used to provide virtual allocations of 
physical resources within a node, or switch. The trunk groups divide up the physical 
resources into virtual segments. Trunk groups may partition available bandwidth 
between the different service categories, wherein each partition within the trunk group 
has a corresponding amount of available bandwidth. At step 204, it is determined 
whether or not there is a trunk group on the source node that has a VPI matching that of 
the requested VPA. If it is determined that there is not a trunk group having a matching 
VPI, the method proceeds to step 210. At step 210, the bandwidth characteristics of the 
VPA are compared with the bandwidth limitations of a port, where a favorable 
comparison preferably indicates that the bandwidth characteristics of the VPA fit within 
the bandwidth limitations of the port. Thus, if some of the physical resources of the port 
have been allocated to trunk groups, but there are remaining resources within the port, 




step 210 determines whether or not the VP A can be created within these remaining 
resources. 

At step 212, if it is determined that the VP A will fit within the bandwidth 
5 limitations of the port, the VPA is created such that it corresponds to the port. This 
creation reduces the available bandwidth of the port by removing bandwidth fi-om the 
port to be allocated to the VPA. The VPA in this case does not correspond to a trunk 
group that has already had bandwidth of the port allocated to it (reducing available 
resources of the port), and thus port resources must be allocated to the VPA. If it is 
10 determined at step 210 that the bandwidth characteristics of the VPA are not within the 
limitations of the port within the source node, the method proceeds to step 214 where the 
VPA request is rejected. 

B 

Q 15 If it is determined at step 204 that there is a trunk group within the source node 

;|; that has a VPI that matches that of the VPA request, the method proceeds to step 206 

'^^ where the bandwidth characteristics of the VPA are compared with the total bandwidth 

p limitations of the trunk group. The total bandwidth limitations include all of the available 

"^l bandwidth in the trunk group, rather than available bandwidth on a partition level. The 

- j 20 bandwidth for a particular trunk group partition can be "overbooked" and as such the 

s'el 

ijj limitations of the VPA may be more restrictive than the trunk group. The table that 

indicates the available bandwidth of the VPA will indicate the more restrictive limitation 
between the limitations of the trunk group and the VPA. The determination of the value 
to store in the table is accomplished in steps 216 - 222, which are discussed below. 
25 Preferably, a favorable comparison indicates that the bandwidth characteristics of the 
VPA are within the bandwidth limitations of the trunk group. If the bandwidth 
requirements of the VPA exceed the limitations of the trunk group, the VPA request is 
rejected at step 214. 
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If it is determined at step 206 that the bandwidth characteristics of the VPA are 
within the total Umitations of the trunk group, the method proceeds to step 208. At step 
208, the VPA is created such that it corresponds to the trunk group; however, bandwidth 
characteristics of the trunk group are not reduced. 

The creation of the VPA within the trunk group is preferably accomplished such 
that it includes steps 216-222. At step 216, it is determined for at least one of the service 
categories supported by the VPA whether or not the bandwidth characteristics of the VPA 
are more restrictive that the bandwidth limitations of the trunk group. If the bandwidth 
limitations of the VPA are more restrictive, the method proceeds to step 218 where a 
table is updated to reflect the bandwidth limitations of the VPA for that particular service 
category. Thus, if the VPA only allows for a certain amount of CBR traffic that is more 
restrictive than the level of CBR traffic that the trunk group is able to support, the routing 
table will reflect bandwidth availability for CBR that corresponds to the VPA rather than 
the trunk group. If, however, the bandwidth characteristics of the VPA are not more 
restrictive than those of the trunk group, the method proceeds to step 220 where the 
routing table is updated to reflect the bandwidth limitations of the trunk group. The trunk 
group may have partitioning for each service category that may or may not be more 
restrictive than the VPA for a particular service category, and the routing table is updated 
to reflect this. 

At step 222, once the routing table internal to the source switch, or node, has been 
updated, the bandwidth limitations for that particular VPA and trunk group are preferably 
broadcast to at least one additional routing table in the network. More preferably, these 
limitations are disseminated throughout the network such that routing decisions can be 
made utilizing this information. 

Figure 3 illustrates a method for establishing a connection over a VPA. The 
method of Figure 3 may be used in the network of Figure 1 to establish a connection 
between one of the sources 41-43 and one of the destinations 51-53 via the VP As 10 




between the source switch 30 and the destination switch 60. Preferably, the method of 
Figure 3 is included in a CAC algorithm, which is typically used to control connections 
within the network. 

The method of Figure 3 begins at step 302 where a request for a connection is 
received. The connection request includes a service category and traffic rate 
requirements for the connection. For example, a connection request may request a nrt- 
VBR connection with specified traffic parameters. 

At step 304, it is determined whether or not the service category of the request is 
supported by the trunk group within which the VPA exists. If the trunk group does not 
support the service category, the connection request is rejected at step 306. If the service 
category is supported by the trunk group, the method proceeds to step 305. 

At step 305, it is determined whether the connection request corresponds to a 
Virtual Channel Connection (VCC) type. If the connection is a VCC, it can be 
established within a VPA, and the method proceeds to step 308. However, Virtual Path 
Connection (VPC) types cannot be established within VPA. Therefore, if the connection 
request does not correspond to a VCC type the method proceeds to step 314 to attempt to 
establish the connection external to the VPA. 

At step 314, it is known that the trunk group supports the service category, even 
though the VPA does not, and therefore it is determined whether or not the bandwidth 
requirement of the connection is within the available bandwidth of the trunk group. If the 
bandwidth of the connection exceeds the limitations of the trunk group, the connection 
request is rejected at step 316. If it is determined at step 314 that the bandwidth 
requirement of the connection is within the available bandwidth of the trunk group, the 
method proceeds to step 318. At step 318, the VPC is established within the trunk group 
outside of the VPA. Thus, although the connection may exceed the limitations of the 
VPA, it is within the limitations of the trunk group, and therefore is established. 



At step 308, it is determined whether or not the service category of the connection 
request is supported by the VPA. If the VPA does not support the service category of the 
connection request, the method proceeds to step 316, where the connection request is 
rejected. If the service category is supported by the VPA, the method proceeds to step 

310. At step 310, it is determined whether or not the bandwidth requirements of the 
connection are within the available bandwidth of the VPA. If they are not, the method 
proceeds to step 316 where the connection request is rejected. 

Because VCCs must satisfy both the trunk group and VPA CAC resource 
allocations, if it is determined at step 310 that the bandwidth requirements of the 
connection are within the available bandwidth of the VPA, the method proceeds to step 

311. At step 3 1 1 it is determined whether the bandwidth requirement of the connection is 
within the available bandwidth of the corresponding trunk group partition. If not, the 
connection request is rejected at step 316. If the connection bandwidth requirement is 
within the partition limitations, the method proceeds to step 312 where the connection is 
established within the VPA. 

At step 320, the available bandwidth for at least one of the service categories 
supported by the trunk group is determined. As before, the bandwidth limitations for the 
trunk group are preferably determined based on the lesser of the available bandwidth of 
the VPA for the service category and the available bandwidth of the trunk group for the 
service category. 

At step 322, a routing table is updated to reflect the available bandwidth within 
the trunk group. As before, the updated table information may be provided to other nodes 
within the network such that intelligent routing decisions can be made based on the 
available bandwidth within the both the VPA and the trunk group. The structure of the 
routing table is preferably such that the bandwidth availability for each of the different 
service categories supported by the network is included. In an ATM system, this requires 
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indicating the level of bandwidth availability for each of the five different service 
categories. 

The table below illustrates the service categories supported by a VPA that is 
5 configured to support a specific service category. As the table below indicates, a VPA 
that supports a CBR service category is capable of carrying traffic from all five of the 
potential service categories. Similarly, a rt-VBR VPA supports all service categories 
except CBR. It should be noted that an ABR VPA is capable of supporting nrt-VBR, 
ABR, and UBR service categories. 
40 
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VPA 


VCCs 
supported 
by the 
VPA 




CBR 


rt-VBR 


nrt-VBR 


ABR 


UBR 




CBR 


X 












rt-VBR 


X 


X 










nrt-VBR 


X 


X 


X 


X 






ABR 


X 


X 


X 


X 






UBR 


X 


X 


X 


X 


X 



By determining and storing the available bandwidth for different service 
categories within VP As in a communication system, routing protocols will be able to use 
15 the available resources more efficiently. Thus, paths that will satisfy the resource 

requirements for a given connection can be located and used to establish the connection 
more quickly and more efficiently. By including the information concerning VP As in the 
routing information, the potential for call blocking and other types of congestion within 
the network are alleviated. This is because routing decisions are made on a more 

"1^ 




informed basis. In addition to this, more intelligent routing may allow for additional calls 
to exist in the network as the resources are used in a more efficient manner than would 
occur if the VPA information were absent fi-om the routing tables. 

The present invention a method and apparatus for supporting the inclusion of 
VP As in a data communication system. The method and apparatus can be used in 
association with any type of routing protocol that is used in association with an ATM 
network. These routing protocols include private network-to-network interfi^ce^NNll 
source routing, and the like. By providing these routing protocols with an improved view 
of the overall network topology, more efficient use of the network is possible. 

It should be imderstood that the implementation of other variations and 
modifications of the inventions in its various aspects should be apparent to those of 
ordinary skill in the art, and that the invention is not hmited to the specific embodiments 
described. It is therefore contemplated to cover by the present invention, any and all 
modifications, variations, or equivalents that fall within spirit and scope of the basic 
underlying principles disclosed and claimed herein. 
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